Summary.-The antitumour effects of ICRF-159 and related analogues were evaluated using the B16 melanoma. Treatment of mice with ICRF-159 inhibited tumour growth, while each of the analogues, trans-4,41-(1,2-cyclopropandiyl) bis (2,6-piperazinedione) (trans-5), and cis-4,41-(1,2-cyclopropandiyl) bis (2,6-piperazinedione) (cis-7) independently accelerated primary tumour growth. Pretreatment of B16 melanoma cultures either with ICRF-159 or the analogue cis-7 decreased the yield of lung-colonies following i.v. injection of tumour cells. In contrast, pretreatment of tumour cells with the trans-5 analogue led to an increase in lung colonies. The effect on colony formation in vitro of these analogues correlated with increased growth in vivo, and not with lung colony formation.
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PREVIOUS REPORTS from these laboratories have shown that ICRF-159 and analogue trans-5 stimulated the growth of a hamster adenocarcinoma of the lung, whereas ICRF-159 and Analogue cis-7 had no effect on primary tumour growth. The results also suggested that Analogue cis-7 reduced metastasis of this tumour model whilst trans-5 stimulated it (Witiak et al., 1978) . Since ICRF-159 is active against a variety of tumours (Adamson, 1975; Atherton, 1975) , and has been reported to inhibit metastasis to the lung of subcutaneously growing Lewis lung carcinoma (LeServe & Hellmann, 1972; Salsbury et al., 1970) , this stereochemical effect on tumour growth and metastasis is particularly significant. As a prerequisite to mechanism studies we have re-examined the activity of these compounds, using the syngeneic B 16-Fl and F 10 melanoma in C57BL/6 mice (Fidler & Nicholson, 1976 Fig. 1 ) were studied to throw light on the specificity of the apparent stereoselective effect. The results described in this article are compared to those previously reported by Lazo et al. (1978) the B16-F10 cell line forms numerous lung colonies (Fidler & Nicolson, 1976 To determine colony formation in vitro 102 cells were placed in a 60mm culture dish containing complete medium. The cells were cultured for 7-10 days in a humidified atmosphere containing 500 CO2. The colonies formed by individual cells wA-ere counted.
RESULTS

Effect of tumour cell growth
Injection of the cis and trans isomers into tumour-bearing animals accelerated the tumour growth (Fig. 2) The Kruskal-Wallis nonparametric oneway layout was used to determine whether differences existed between the solvent control and any of the 3 concentrations of each compound (Hollander & Wulfe, 1973) . This test was selected in preference to its parametric analogues on account of the relatively small number of animals per group (10) and possible non-normalities in the distribution of metastases. Where significant differences were detected among the 4 groups, pairwise tests were computed according to the method of Dunn (1964) .
The stereoisomeric analogues of ICRF-159 had opposing effects on the ability of the B16 melanoma to form lung colonies. (Table  II) . In contrast, pretreatment of the melanoma cells with the cis-7 isomer reduced lung-colony formation (P < 0'001). (Fidler & Nicolson, 1976) . It was of interest, therefore, to determine whether the stereoisomers of ICRF-159 could affect the colony-forming potential of the Fl cell line. The results in Table III an effect on lung-colony formation of the Fl cell line. Although the Kruskal-Wallis test was significant at P < 0 05, pairwise comparisons failed to show a strong colony-forming effect. Zwitterionic acids (EDTA, 1, 3, and 6) had variable effects on the median number of lung colonies from B16-F10 tumour cells (Table IV) . Thus cyclobutyl analogue 6 exhibited no significant effect, and openchain isomer 1 significantly increased colony formation, while EDTA and transcyclopropyl analogue 3 significantly decreased lung colonies. Ester-HCl salts 2 and 4 also decreased lung-colony formation according to Kruskal-Wallis tests. However, even though significant Kruskal-Wallis tests were obtained for 20 /LM (P < 0.05) or EDTA at 2 and 100 HM (P < 0.05) had significant inhibitory effects.
DISCUSSION
The aim of cancer therapy is to reduce or eliminate the primary tumour burden, and to prevent metastases and growth of tumour cells away from the primary tumour. The anticancer drug ICRF-159 has been reported to inhibit primary tumour growth (Adamson, 1975) and to prevent metastasis of the Lewis lung carcinoma (LeServe & Hellman, 1972; Salsbury et al., 1970) . The inhibition of metastasis was seen at doses that did not effect the growth of the primary tumour. LeServe & Hellman (1972) and James & Salsbury (1974) reported that the antimetastatic effect was due to changes in the tumour vasculature, which prevented the entry of the Lewis lung carcinoma into the circulation.
We had previously reported the synthesis of stereoisomeric analogues (cis-7 and trans-5) of ICRF-159 and in a preliminary study we indicated that the cis isomer had a marginal antimetastatic effect, while the trans isomer appeared to stimulate metastasis (Witiak et al., 1978) . The current investigation supports and reinforces those initial observations. Pretreatment of the tumour cells with low doses of the cis isomer inhibited the lungcolony formation of the B16 melanoma, while similar doses of the trans isomer stimulated metastasis. Furthermore, little or no effect was found for various synthetic intermediate zwitterionic or ester-HCl salts (Table IV) , suggesting that the bisdiketopiperazine functions play an important role in the stereoselective process. It is not known what part, if any, solubility differences between trans-5 and cis-7 play in these observations. It was difficult to completely solubilize the 1OOVM concentration of both compounds which may account for the variable effects at this concentration. Further studies will evaluate the effect of lower doses.
In some cases our results with ICRF-159 seemed similar to those reported by Lazo et al. (1978) . Pretreatment of B16 melanoma cells with 20 tM ICRF-159 produced more lung colonies than cells pretreated with 2 HM. Our study, however, indicated that ICRF-159 inhibited lung colony formation at 2 HM and 100 /iM, and that this effect paralleled colony inhibition in vitro. In contrast Lazo et al. (1978) reported that the colony formation in vivo was stimulated by pretreatment with ICRF-159 at 20 and 100 ,tM, while formation in vitro was inhibited. Lazo et al. (1978) , however, failed to obtain 100% lungcolony formation in control mice, and expressed their data only in terms of mice with lung colonies. They obtained 8 7 lung colonies per mouse in untreated animals. Using similar numbers of tumour cells we obtained 50-150 lung colonies per mouse, a level consistent with that reported by Fidler & Nicolson (1976) .
Since ICRF-159 can be visualized as the propyl analogue diketopiperazine ofEDTA (Fig. 1) we chose to remove the tumour cells in the absence of EDTA, by gently scraping the cells from the monolayer. Tumour cells used by Lazo et al. (1978) were removed by treatment with EDTA. This may account for the decreased lungcolony formation. EDTA-treated tumour cells yielded significant decreases in lungcolony formation at 2 pM and 100ftM concentrations in our studies.
Our results indicate that ICRF-159 and the cis isomer may inhibit metastasis by a mechanism independent of its angiometamorphic effect (James & Salsbury, 1974; LeServe & Hellman, 1972; Salsbury et al., 1974) . When tumour cells were pretreated with drug, no primary tumour was established. While the compounds were not toxic for the tumour cells, they did affect colony formation in vitro. This effect did not correlate with the lung-colony formation. Colony formation in vitro, which was stimulated by both the cis and trans isomers, seemed to correlate with the accelerated growth rates of the tumours in animals injected with these compounds.
